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Description 

[0001] The invention relates to a LC-NMR system, 
comprising a LC-device, a NMR-detector and a device 
for trapping at least one chromatography peak of a chro- 
matography flow, wherein the trapping device is con- 
nected to the LC-device and to the NMR-detector, the 
trapping device comprising at least one trapping col- 
umn, an inlet capillary for leading the chromatography 
flow from a chromatography separating unit into the 
trapping column and an outlet capillary departing from 
the trapping column. 

[0002] Such a system is known from EP1 001 263 A1. 
[0003] A trapping device of the afore-mentioned kind 
is generally used in liquid chromatography (LC) for trap- 
ping and concentrating single chromatography peaks of 
a chromatography flow, which, for example, have been 
previously separated in a liquid chromatography sepa- 
rating unit. Trapping and concentrating single chroma- 
tography peaks is a known technique for supporting the 
relatively weak sensitivity of nuclear magnetic reso- 
nance (NMR) analysis to which the chromatography 
peaks are submitted after separation in the LC separat- 
ing unit for further investigation. 
[0004] Although the NMR sensitivity is improved con- 
stantly, every further improvement is needed. To in- 
crease the amount of a separated chromatography 
peak, several techniques are known. One of them is the 
so-called solid phase extraction (SPE). In this technique 
the separated peak is trapped (absorbed) on a chroma- 
tographic post column. Using an appropriate treatment 
of washing and preparing the post column, it will be pos- 
sible to trap the same chromatographic peak more than 
once and to concentrate or to accumulate it. Using a 
back flush option and an optimized desorbing solvent, 
broad separated trapped peaks will be flushed out as a 
substantially sharpened peak, in an extent up to a factor 
of 4. Both effects, the multiple adsorbing and the opti- 
mized peak shape are helpful to achieve better results 
with the NMR. 

[0005] Lee Griffith and Rob Horton described in their 
article "Optimization of LC-NMR Ill-increased signal-to- 
noise ratio through column trapping" in Chem., Vol. 36, 
104-109, 1998, a successful hyphenation of 
LC-SPE-NMR. They positioned one trapping column 
between some manual working valves. This construc- 
tion showed the gain of sensitivity that can be reached 
with such a system. 

[0006] In the document EP 1 001 263 A1 mentioned 
before, a high-performance liquid chromatography ap- 
paratus and a process for conversion of mobile phase 
enabling a trace amount of sample for NMR analysis to 
be efficiently separated and prepared are disclosed. 
The method comprises steps of separating target ingre- 
dients from the sample by high-performance liquid chro- 
matography, trapping the target ingredient in a trapping 
column using a different mobile phase, replacing water 
by deuterium oxide and eluting this target ingredient 
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from the trapping column using deuterated solvent other 
than deuterium oxide. 

[0007] All the devices for trapping chromatography 
peaks known up to now, however, suffer from the disad- 

5 vantage that they are not flexible in use and are difficult 
to be integrated in existing LC-NMR systems. Further, 
automatic software-controlled operation is not possible 
with these known systems. In any case, manually or of- 
fline-driven hardware components are used. 

10 [0008] Further, US-A-5 449 902 discloses a system 
comprising a trapping device for trapping at least one 
chromatography peak of a chromatography flow, where- 
in the trapping device is connected to an analytical col- 
umn and a mass spectrometer, the trapping device com- 

15 prising at least one trapping column, an inlet capillary 
for leading the chromatography flow into the trapping 
column and an outlet capillary departing from the trap- 
ping column, wherein a plurality of trapping columns are 
provided on a column carrier and are separately and se- 

20 lectively connectable to said inlet and outlet capillaries, 
wherein said column carrier further comprises a first 
connecting capillary connected to said inlet capillary and 
a second connecting capillary connected to said outlet 
capillary, wherein each trapping column comprises a 

25 first capillary connectable to said first connecting capil- 
lary and a second capillary connectable to said second 
connecting capillary in a sealed fashion, and wherein 
said first connecting capillary is detachable from said in- 
let capillary and said second connecting capillary is de- 

30 tachable from said outlet capillary, so that said column 
carrier as a whole with the trapping columns inserted 
therein can be removed from said trapping device by 
disassembling said trapping device. 
[0009] It is an object of the present invention to im- 

35 prove a system of the kind mentioned at the outset in 
that way that the trapping device is more flexible in op- 
eration and more flexible in integrating in an existing liq- 
uid chromatography system coupled to an analysis de- 
tector. 

40 [0010] According to the present invention, this object 
is achieved with a system according to claim 1. A plu- 
rality of trapping columns are provided on a column car- 
rier, wherein the trapping columns are separately and 
selectively connectable to the inlet and outlet capillary, 

45 wherein further the column carrier comprises a first con- 
necting capillary connected to the inlet capillary and a 
second connecting capillary connected to the outlet cap- 
illary, and wherein each trapping column comprises a 
first capillary connectable to the first connecting capil- 

50 lary and a second capillary connectable to the second 
connecting capillary in a sealed fashion, wherein further 
the first connecting capillary is detachable from the inlet 
capillary and the second capillary is detachable from the 
outlet capillary, and wherein the column carrier with the 

55 columns inserted therein is removable from the trapping 
device by that the carrier is disposed in a compartment 
of the device and is movable out thereof. 
[001 1] The system according to the present invention 
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is more flexible because a plurality of chromatography 
peaks of the chromatography flow can be trapped in the 
plural trapping columns. Full automation of the system 
according to the present invention is possible, because 
the single trapping columns can be selectively connect- 5 
ed to the inlet and outlet capillary. Further, multiple trap- 
ping of the same sample component of the chromatog- 
raphy flow in the same trapping column is also possible 
after different components have been trapped in other 
trapping columns. The system according to the present 10 
invention renders it possible to run a chromatography in 
a totally closed system. 

[001 2] The first and second connecting capillary of the 
column carrier serve as a joint between the trapping col- 
umn of interest and the remaining part of the trapping *5 
device. The trapping column of interest can be exactly 
positioned relative to the first and second connecting 
capillary of the column carrier. By virtue of the first and 
second connecting capillaries, which preferably are im- 
movable, only the trapping columns and their first and 20 
second capillaries have to be movable parts of the col- 
umn carrier. 

[0013] The system of the present invention has the 
advantage that the column carrier is configured as a re- 
movable part of the trapping device so that the column 25 
carrier can be removed from the device after single 
peaks of the chromatography flow are trapped in the 
trapping columns. 

[0014] The configuration of the column carrier as re- 
movable part has the advantage that a plurality of col- 30 
umn carriers can be provided which can be exchanged. 
This can be useful if the user of the system needs dif- 
ferent trapping columns of varying type, e.g. depending 
on sample polarity, or if the trapping is done in a different 
location than the subsequent analysis. The column car- 35 
rier can be stored for several days before the trapped 
chromatography peaks would be desorbed into the des- 
tination detector. In connection with the afore-men- 
tioned embodiments, the necessary information about 
the status of each trapping column is stored in a memory 40 
and can be read out directly by the trapping device ac- 
cording to the present invention after mounting the col- 
umn carrier. 

[001 5] In a preferred embodiment, each trapping col- 
umn, which is not being connected to the inlet capillary 45 
and to the outlet capillary, is closed in a sealed fashion. 
[0016] This feature has the advantage that the influ- 
ence of the environment is practically not existing. Oxi- 
dation processes of the same peaks due to contact with 
air, decomposition due to light and pollution with dust is so 
excluded. 

[0017] In a further preferred embodiment, the col- 
umns are distributed in a series and the column carrier 
comprises a drive for moving the selected trapping col- 
umn in a position for connection with the inlet capillary 55 
and the outlet capillary. 

[0018] This feature has the advantage that the trap- 
ping device according to the present invention can be 
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operated without manual interaction, if an appropriate 
control, in particular a software control, is provided for 
operating the drive. The drive can be configured as an 
electrical motor. 

[0019] In this connection it is preferred, if the column 
carrier comprises a ring, on an outer periphery of which 
the trapping columns are disposed, wherein the ring is 
rotatable. 

[0020] A construction of the column carrier in form of 
a ring has the advantage that a great number of trapping 
columns can be arranged on the column carrier in a 
space-saving manner. Further, with this configuration 
the overall dimensions of the column carrier can be held 
small. However, it is also possible to configure the col- 
umn carrier as a bar or a slider, if there is no need to 
save space. 

[0021 ] In a further preferred embodiment, the first and 
second connecting capillaries have their open ends 
mounted on a sealed slider, wherein the ends of the con- 
necting capillaries are directed radially outwardly, and 
open ends of the first and second capillaries of each 
trapping column are directed radially inwardly for con- 
nection with the open ends of the first and second con- 
necting capillaries. 

[0022] This feature has the advantage that each trap- 
ping column can be exactly connected to the first and 
second connecting capillaries in a sealed fashion which 
guarantees the tightness of the connection between the 
trapping column of interest and the remaining part of the 
trapping device. 

[0023] In a further preferred embodiment, the column 
carrier comprises a control unit for controlling the posi- 
tion of each trapping column with respect to the inlet and 
outlet capillaries. 

[0024] This feature enables full automatic operation 
of the column carrier in order to position the trapping 
column of interest exactly with respect to the inlet and 
outlet capillaries. 

[0025] In a further preferred embodiment, the column 
carrier comprises a memory for storing data of the cur- 
rent condition of each trapping column. 
[0026] This feature has the advantage that the actual 
state of each trapping column can be stored in the mem- 
ory. This feature is, in particular, useful in case that the 
column carrier is exchangeable so that information on 
the state of each trapping column is not lost after remov- 
al of the column carrier from the device, because the 
memory board is integrated in the carrier. 
[0027] In a further preferred embodiment, the column 
carrier comprises trapping columns having different 
trapping properties. 

[0028] By this feature, the flexibility of the system ac- 
cording to the present invention is further enhanced, be- 
cause different components which need different trap- 
ping conditions can be trapped in the appropriate trap- 
ping columns, while only one column carrier is needed. 
[0029] In a further preferred embodiment, the trapping 
device further comprises at least one first add up flow 
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pump for pumping the chromatography flow by means 
of at least a first eluent into the selected trapping col- 
umn, the add up flow pump being connected to the inlet 
capillary. 

[0030] This feature improves the trapping conditions 5 
and increases the trapping efficiency of the component 
in the trapping column, whereby the sensitivity gain for 
the destination detector is increased, too. The add up 
flow pump pumps the weaker desorbing solvent of the 
chromatographic separation and is preferably able to 10 
add two to four times the volume of the separation ap- 
plied flow. 

[0031] In this context it is preferred, if the add up flow 
pump is connected to the inlet capillary via a switchable 
valve for connecting and disconnecting the add up flow 1$ 
pump to the inlet capillary. 

[0032] This feature has the advantage that the add up 
flow pump can be operated as a permanently working 
pump, while the pump flow can be interrupted by switch- 
ing the valve between the open and the closed position. 20 
[0033] In a further preferred embodiment, the device 
further comprises at least a first desorbing pump for 
pumping at least a second eluent into a selected trap- 
ping column for pushing out a peak trapped therein. 
[0034] The desorbing pump is used to desorb trapped 25 
peaks from the trapping columns to the NMR detector. 
The used desorbing eluent is preferably the stronger 
eluting solvent of the chromatography. The desorbing 
solvent can be used in deuterated form to avoid large 
solvent signals and to achieve a better sensitivity, this 30 
means that the whole chromatography can be run com- 
pletely non-deuterated, which has advantages for mass 
spectroscopy (no molecular ion distribution will be gen- 
erated for molecules with exchangeable protons) and 
for the running costs, as normal LC-NMR uses at least 35 
one solvent in deuterated form. If the desorbing pump 
is able to provide more than one solvent, a deuterated 
weak desorbing solvent can be used to get rid complete- 
ly of the protonated chromatography solvents. In this 
case the add up flow solvent mentioned before can be 40 
a protonated solvent, because the protonated solvent 
can be flushed out by the deuterated desorbing solvent 
provided by the desorbing pump. 
[0035] In a further preferred embodiment the desorb- 
ing pump is connected to the outlet capillary. 4 $ 
[0036] This feature has the advantage that the des- 
orbing step can be carried out in the back flush mode, 
i.e. the desorbing flow is directed in the opposite direc- 
tion as the flow in the trapping action. By the back flush 
mode the peak sharpness can be enhanced further, in 50 
total up to a factor of 4, using all features mentioned 
herein. 

[0037] In a further preferred embodiment, at least one 
control detector is provided which is disposed in a cap- 
illary line selectively connectable to the inlet capillary or 55 
the outlet capillary. 

[0038] This detector can advantageously be used in 
connection with a peak recognition software for check- 
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ing in the trapping mode of the device, if the peak to be 
trapped in the selected trapping column is breaking 
through. When desorbing a trapped peak from a select- 
ed trapping column, a perfect calculation for the timing 
and positioning of the desorbed peak can be done with 
this detector. 

[0039] In a further preferred embodiment, a means for 
heating and/or cooling the trapping columns is provided. 
[0040] This feature enables a temperature control of 
the trapping columns. For preparing each trapping col- 
umn, it can be useful to heat the trapping columns to a 
certain temperature in order to be able to try the trapping 
columns more effectively. With respect to instable peaks 
trapped in the trapping columns, it can be useful to cool 
the trapping columns to be sure that the trapped peaks 
do not precipitate. The means for heating and/or cooling 
the trapping columns can be provided in the column car- 
rier itself for direct temperature control or in a compart- 
ment in which the column carrier is disposed for an in- 
direct temperature control. 

[0041] In a further preferred embodiment a gas flow 
source is connectable to the trapping columns. 
[0042] This feature has the advantage that by means 
of the gas flow the trapping columns can be dried in a 
quick and effective manner. In some applications it is 
helpful to dry the trapping columns after each trapping 
in order to increase their capacity, in particular in cases 
of multiple trapping of the same chromatography peak 
in multiple identical separations in the same trapping 
columns. 

[0043] In a further preferred embodiment, each of the 
trapping columns is connectable to the inlet and outlet 
capillary again after having been disconnected there- 
from for multiple trapping of a same species of chroma- 
tography peak in one and the same column. 
[0044] This feature has the advantage to increase the 
peak amount on a trapping column which in some ap- 
plications is urgently needed to achieve the desired de- 
tection level in a subsequent NMR detection. Further 
features and advantages will be apparent from the fol- 
lowing description and the attached drawings. 
[0045] It will be understood that the above-mentioned 
features and those to be discussed below, are not only 
applicable in the given combinations, but may also be 
employed in other combinations or taken alone without 
departing from the scope of the present invention as de- 
fined in the claims. 

[0046] Embodiments of the present invention are il- 
lustrated in the drawings and will be discussed in more 
detail below. In the drawings: 

Fig. 1 shows an entire system, comprising a LC sep- 
aration unit, a device according to the present 
invention and a destination detector in a sche- 
matic representation; 

Fig. 2 shows the device according to the present in- 
vention in isolation in an enlarged scale in a 
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schematic representation, partially broken, in 
a first operating position; 

Fig. 3 the device in Fig. 2 in a second operation po- 
sition prior to the trapping action; 

Fig. 4 the device in Figs. 2 and 3 in a third operating 
position during the trapping action; 

Fig. 5 the device in Figs. 2 through 4 in a fourth op- 
erating position during the desorbing action; 

Fig. 6 the device in Figs. 2 through 5 in a fifth oper- 
ating position during a drying action; 

Fig. 7 a column carrier used in the device in Figs. 2 
through 6, partially broken, in a side view; and 

Fig. 8 a column carrier according to a second em- 
bodiment for use in the device in Figs. 2 
through 6. 

[0047] In Fig. 1 an entire liquid chromatography sys- 
tem labeled with reference numeral 10 is depicted in a 
very simplified block scheme. 

[0048] The system 10 comprises a liquid chromatog- 
raphy separating unit 12 followed by a chromatography 
detection unit 14. 

[0049] The system further comprises a destination 
detector unit 16, which includes a nuclear magnetic res- 
onance (NMR) detector. 

[0050] The LC separating unit 1 2 and the chromatog- 
raphy detection unit 14 are coupled to the destination 
detector unit 1 6 via a device 1 8 for trapping at least one 
chromatography peak of a chromatography flow coming 
from the LC separating unit 12 or the chromatography 
detection unit 14, respectively. 

[0051 ] The device 1 8 not only enables in-line trapping 
of chromatography peaks, but also allows the other 
known modes of LC-NMR like on-flow t stopped-flow and 
time-slicing modes. 

[0052] The device 18 comprises a column carrier 20 
carrying a plurality of trapping columns as will be de- 
scribed in more detail below. The device 1 8 further com- 
prises an inlet capillary 22 for leading the chromatogra- 
phy flow from the LC separating unit 12 or the chroma- 
tography detection unit 14, respectively, to one of the 
trapping columns carried by the column carrier 20 and 
an outlet capillary 24 departing from the trapping col- 
umns carried by the column carrier 20. "Inlet" and "out- 
let" are to be understood as flow directions in the trap- 
ping mode of the device 18, and can be reverse in the 
desorbing mode of the device 18. 
[0053] The device 1 8 is connected to the LC separat- 
ing unit 12 or the chromatography detection unit 14 via 
a capillary 26 leading the chromatography flow into the 
device 18, and to the destination detector unit 16 via a 
capillary 28 for leading the chromatography flow from 
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the device 18 to the destination detector unit 16. A cap- 
illary 30 is provided for connecting the device 1 8 to a not 
shown drain. 

[0054] As already mentioned before, the device 18 
5 not only allows a trapping of chromatography peaks 
therein, but also allows a direct connection of the LC 
separating unit 12 or the chromatography detection unit 
14, respectively, with the destination detector unit 16. 
The arrows in Fig. 1 indicate the possible directions of 
10 the chromatography flow in the system 10. 

[0055] With reference to Figs. 2 and 7 the column car- 
rier 20 will be described in more detail. 
[0056] The column carrier 20 carries a plurality of trap- 
ping columns, one of which is labeled with reference nu- 
15 meral 32. In total, the column carrier 20 preferably car- 
ries 36 trapping columns 32, but it can carry more or 
less than 36 columns for compatibility with existing loop 
collecting systems. 

[0057] The column carrier 20 comprises an outer ring 
20 34. The trapping columns 32 are disposed on an outer 
periphery of the ring 34. The ring 34 is rotatably mounted 
on a body 36 which includes an electronic control (not 
shown). 

[0058] Each trapping column 32 comprises a first cap- 
25 jllary 38 and a second capillary 40 by which the trapping 
column 32 is mounted on the outer ring 34 and is se- 
cured thereto. 

[0059] In the body 36 of the column carrier 20 a first 
connecting capillary 42 and a second connecting capil- 
30 lary 44 are provided for a sealed connection of the first 
and second capillaries 38 and 40 of the respective se- 
lected trapping column 32 with the inlet capillary 22 and 
the outlet capillary 24. A sealed slider 46 disposed at 
the outer periphery of the body 36 of the column carrier 
35 20 is provided. The first and second connecting capil- 
laries 42 and 44 have their open ends mounted on the 
sealed slider 46, wherein the ends of the connecting 
capillaries 42, 44 are directed radially outwardly, while 
open ends of the first and second capillaries 38 and 40 
40 of each trapping column 32 are directed radially inwardly 
for a sealed connection with the open ends of the first 
and second connecting capillaries 42 and 44. 
[0060] A drive (not shown) is provided for rotating the 
outer ring 34 relative to the body 36 and, thus, the trap- 
es ping columns 32 can be moved with their first and sec- 
ond capillaries 38 and 40 relative to the sealed slider 46 
for connection of the respective first and second capil- 
laries 38 and 40 of the respective trapping column 32 
with the first and second connecting capillaries 42 and 
so 44, and, via these with the inlet and outlet capillaries 22 
and 24. 

[0061] All connections between the capillaries men- 
tioned before are totally sealed. 
[0062] As already mentioned before, the control unit 
55 disposed in the body 36 of the column carrier 20 is able 
to check every position of each trapping column 32 to 
enable the exact position of the first and second capil- 
laries 38 and 40 of the trapping columns 32 with respect 
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to the sealed slider 46. The drive for rotating the outer 
ring 34 preferably is an electrical motor. 
[0063] Further, the first and second connecting capil- 
laries 42 and 44 are detachably connected to the inlet 
and outlet capillaries 22 and 24. Again, the connection 
between the first and second connecting capillaries 42 
and 44 and the inlet and outlet capillaries 22 and 24 are 
totally sealed. 

[0064] The column carrier 20 is arranged in a com- 
partment 48 of the device 18, from which the column 
carrier 20 is removable. An engine-driven slider moving 
the column carrier 20 in the compartment 48 and out of 
the compartment 48 can be used. With the column car- 
rier 20 being a removable part of the device 18, several 
column carriers 20 having trapping columns 32 with dif- 
ferent trapping properties can be used. Also, the trap- 
ping columns 32 of the same column carrier 20 can be 
chosen with different trapping properties. 
[0065] Further, the column carrier 20 comprises a 
memory 50 for storing data of the current condition and 
status of each trapping column 32. The status of each 
trapping column 32 which can be stored in the memory 
50 is, for example, "free and prepared", "free and not 
prepared", "occupied with a peak (including peak data)", 
and so on. The memory 50 allows removal of the column 
carrier 20 from the compartment 48 without losing infor- 
mation on the status of each trapping column 32. 
[0066] The column carrier 20 can be stored for several 
days before the peaks trapped therein will be desorbed 
into the destination detection unit 16. The necessary in- 
formation about the status of each trapping column 32 
is stored in the memory 50 and can be read out directly 
by the device 18 after mounting the column carrier 20 
in the compartment 48. In case that the column carrier 
20 comprises different trapping columns 32 with differ- 
ent trapping properties, the information stored in the 
memory 50 can also distinguish the column type. A soft- 
ware can be provided which is able to chose, depending 
on the separation conditions, the right trapping column 
32 for optimized operation. 

[0067] Further, a means (not shown) for heating and/ 
or cooling the trapping columns 32 is provided. Such 
means can be provided by a temperature control of the 
compartment 48 itself, thus indirectly controlling the 
temperature of the trapping columns 32. 
[0068] Further, it is to be noted that each trapping col- 
umn 32 which is not actually connected with the inlet 
and outlet capillaries 22 and 24 is closed in a sealed 
fashion so that a peak trapped therein is not in contact 
with the environment. 

[0069] With respect to Fig. 2, the device 18 comprises 
at least one add up flow pump 52 and at least one des- 
orbing pump 54. 

[0070] The add up flow pump 52 is connected to a sol- 
vent reservoir (not shown) via a capillary 56. The des- 
orbing pump 54 is connected to a further solvent reser- 
voir (not shown) via a capillary 58. 
[0071] The add up flow pump 52 pumps the weaker 
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desorbing solvent of the chromatographic separation. 
The add up flow pump 52 is able to add two to four times 
the volume of the separation applied flow. The desorb- 
ing pump 54 pumps a solvent which is the stronger elut- 

5 ing solvent of the chromatography. This solvent can be 
used in deuterated form to avoid large solvent signals 
and to achieve a better sensitivity. 
[0072] The solvent pumped by the add up flow pump 
52 can be a protonated solvent in case that the desorb- 

10 ing pump 54 can provide more than one solvent. 

[0073] The add up flow pump 52 and the desorbing 
pump 54 are shown in the figures as syringe pumps, 
which is just a symbol for any suited pump. Further, 
more than one add up flow pump and more than one 

15 desorbing pump can be provided if appropriate. The 
pumps 52 and 54 can be permanently working pumps. 
[0074] In the following, the remaining components of 
the device 18 are described. 

[0075] The capillary 26 coming from the LC separat- 
20 ing unit 12 or the chromatography detection unit 14, re- 
spectively, is connected to a valve 60. The valve 60 is 
a 4-port valve. 

[0076] By means of the valve 60, the capillary 26 can 
be either connected to the capillary 28 via a capillary 62 
25 and a second valve 64, which is also a 4-port valve as 
shown in Fig. 2, or can either be connected to a capillary 
66 and a third valve 68, which also is a 4-port valve, as 
shown in Fig. 4. 

[0077] The outlet capillary 24 and the inlet capillary 
30 22 in turn are connected to the third valve 68. The cap- 
illary 66 is disposed between the first valve 60 and the 
third valve 68. A further capillary 70 is connected to the 
third valve 68 and to the second valve 64. 
[0078] The add up pump flow 52 is connected to the 
35 capillary 66 via a fourth valve 72, which is a 3-port valve, 
and via a capillary 74 which is connected to the capillary 
66 via a T-piece. 

[0079] The desorbing pump 54 is connected to the 
first valve 60 via a fifth valve 76, which is a 3-port valve, 

40 and via a capillary 78. 

[0080] A control detector 80, which can be of the same 
type as the chromatography detection unit 1 4, for exam- 
ple a UV detector, is disposed in the capillary 70. 
[0081] Finally, a not shown gas flow source is con- 

45 nected to the capillary 66 via a capillary 82 and a fifth 
valve 84, which is a 3-port valve. 
[0082] All the valves and capillaries mentioned before 
are designed with a low dead volume to avoid chroma- 
tography peak broadening. All the components men- 

50 tioned before should be placed as close as possible. 
The capillaries used in the system to connect the single 
parts to each other should have small inner bores for 
the same reason of avoiding chromatography peak 
broadening. A maximum inner diameter of 0.25 mm is 

55 preferred. The material of the valves mentioned before 
should be inert to the standard chromatographic sol- 
vents. As the trapping columns 32 can create a substan- 
tial back pressure, not only the valves, but also the other 
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parts of the device 18 and connectors should stand the 
occurring pressures. 

[0083] In the following, the work flow of the device 1 8 
will be described. 

[0084] In Fig. 2 the device 1 8 is shown in an operating 
position where the valve 60 and the valve 64 are 
switched such that the chromatography flow coming 
through the capillary 26 is led via the capillary 62 into 
the capillary 28 leading to the destination detector unit 
16. This position of the valves 60 and 64 allows the on- 
flow and stopped-flow modes, as is known from the tra- 
ditional systems, for example traditional LC-NMR sys- 
tems. The signal coming from the chromatography de- 
tection unit 14 can be used to trigger the stop of the chro- 
matography in the stopped-flow mode. Based on the 
signal from the chromatography detection unit 14, a suit- 
ed automated peak detection software makes the deci- 
sion, if the peak will be of interest or not. In case of a 
chromatography stop, the valve 64 switches into the 
drain position as shown in Fig. 3 connecting the capillary 
62 with the capillary 30. By switching the valve 72 of the 
add up flow pump 52 as shown in Fig. 3, the preparation 
of a selected trapping column 32 can be performed. 
Flushing the trapping column 32 with the weaker ab- 
sorbing solvent helps to increase the retention on the 
column material and is essential for the trapping suc- 
cess. 

[0085] Fig. 3 shows the initial position of the trapping 
mode of the device 18. The valve 64 is in the operating 
position connecting the capillary 26 with the capillary 30 
to drain. The add up flow pump 52 is pumping perma- 
nently the weaker absorbing solvent to keep the trap- 
ping column 32 under optimized conditions. If an inter- 
esting peak is detected by the chromatography detec- 
tion unit 14, the valve 16 switches into the operating po- 
sition shown in Fig. 4 connecting the capillary 26 with 
the capillary 66, while the valve 68 is in an operating 
position connecting the capillary 66 with the inlet capil- 
lary 22. 

[0086] In Fig. 4 the operating position of the valves 60 
and 68 for the trapping action is shown. The interesting 
part of the detected peak will be led through the trapping 
column 32. Due to the dilution of the chromatography 
flow by the add up flow pump 52, the retention behavior 
on the trapping column 32 can be improved. The detec- 
tor 80, which is in the operating position of the valve 68 
as shown in Fig. 4 connected via the capillary 70 with 
the outlet capillary 24 can be used to check if the trapped 
peak is not breaking through, but trapped completely. 
The trapping time is calculated dependent on the flow 
rate. After the peak of interest is successfully trapped 
on the trapping column 32, the valves 68 and 60 are 
switched back to the position in Fig. 3. The next free 
trapping column 32 will be driven to the sealed slider 46. 
[0087] It goes without saying that not only one, but 
also multiple injections can be carried out as long as 
there are free trapping columns 32. 
[0088] If the same sample component of the chroma- 



tography flow is coming later on again, a mode will be 
provided to trap the same peaks on the same trapping 
column 32. This mode will help to increase the peak 
amount on a trapping column 32 which in a lot of appli- 

5 cations is urgently needed to achieve the desired detec- 
tion level in a subsequent NMR detection. 
[0089] Fig. 5 shows the desorbing action of the device 
18. The desorbing action can be carried out any time 
after the chromatography, separation and trapping has 

10 finished. Even several days between trapping and des- 
orbing will not impact the quality, if the storage of the 
column carrier 20 is done in a proper way. The means 
for heating and/or cooling the trapping columns can be 
used for cooling the trapping columns 32 for this pur- 

15 pose. 

[0090] The desorbing pump 54 is now switched into 
the flow path, i.e. the desorbing pump 54 is connected 
via the valve 76, capillary 78, valve 60, capillary 66, 
valve 68 with the outlet capillary 24. In other words, the 

20 valve 68 is switched in an operating position to reverse 
the flow in a so-called back flush mode. The back flush- 
ing mode will have an additional positive effect to the 
peak shape in the sense that the peak shape is sharp- 
ened. The release of the trapped peak in the selected 

25 trapping column 32 is done in pumping a strong desorb- 
ing solvent through the trapping column 32 to the des- 
tination detector unit 16. 

[0091] Preferably a fully deuterated solvent will be 
provided. The detector 80, which is in the operating po- 

30 sition of valve 68 connected to the inlet capillary 22, 
which in turn is in the desorbing action the outlet capil- 
lary for the peak flow, can be used for an exact calcula- 
tion for the timing and positioning of the desorbed peak. 
The transfer time and transfer volume to the destination 

35 detector unit 16 can be based on the peak maximum 
signal of the detector 80. 

[0092] In Fig. 6 the valve 84 is switched into an oper- 
ating position in which the gas flow source (not shown) 
is connected via the capillary 82, the capillary 66, the 

40 valve 68 with the inlet capillary 22. In this operating po- 
sition, the trapping column 32 can be dried. This action 
is preferably done if multiple injections with multiple trap- 
ping are performed in the same trapping columns 32. 
Drying will ensure that the peak fraction trapped before 

45 is not flushed out of the trapping column 32 by the next 
peak fraction, which will be trapped on the same trap- 
ping column 32. 

[0093] Finally, in Fig. 8 another embodiment of a col- 
umn carrier 20' is shown. The column carrier 20* is 

so formed as a bar, which can be considered as an open 
ring. Parts of the column carrier 20' corresponding to the 
same parts of the column carrier 20 are labeled with the 
same reference numerals supplemented by a dash. In- 
stead of a configuration of the column carrier 20 in form 

55 of a ring or a bar, it is also thinkable to form the column 
carrier 20 as an array. 
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Claims and second connecting capillaries (42, 44). 



1. A LC-NMR system, comprising a LC-device (12), a 
NMR-detector(16), and a device (18) or trapping at 
least one chromatography peak of a chromatogra- 5 
phy flow, wherein the trapping device is connected 

to the LC-device (12) and to the NMR-detector (1 6), 
the trapping device comprising at least one trapping 
column (32), an inlet capillary (22) for leading the 
chromatography flow into the trapping column (32) 10 
and an outlet capillary (24) departing from the trap- 
ping column (32), wherein a plurality of trapping col- 
umns (32) are provided on a column carrier (20), 
and wherein the trapping columns (32) are sepa- 
rately and selectively connectable to the inlet and is 
outlet capillary (22, 24), wherein further the column 
carrier (20) comprises a first connecting capillary 
(42) connected to the inlet capillary (22) and a sec- 
ond connecting capillary (44) connected to the out- 
let capillary (24), and wherein each trapping column 20 
(32) comprises a first capillary (38) connectable to 
the first connecting capillary (42) and a second cap- 
illary (40) connectable to the second connecting 
capillary (44) in a sealed fashion, and wherein the 
first connecting capillary (42) is detachable from the 25 
inlet capillary (22) and the second connecting cap- 
illary (44) is detachable from the outlet capillary (24) 
and the column carrier (20) as a whole with the col- 
umns inserted therein is removable from the trap- 
ping device (18) by that the column carrier (20) is 30 
disposed in a compartment (48) of the trapping de- 
vice (18) and is movable out thereof. 

2. The system of claim 1 , characterized in that each 
trapping column (32), which is not being connected 35 
to the inlet capillary (22) and to the outlet capillary 
(24) is closed in a sealed fashion. 

3. The system of claim 1 or 2, characterized in that 

the columns (32) are distributed in a series and the *o 
column carrier (20) comprises a drive for moving the 
selected trapping column (32) in a position for con- 
nection with the inlet capillary (22) and the outlet 
capillary (24). 

45 

4. The system of claim 3, characterized in that the 
column carrier comprises a ring (34), on a outer pe- 
riphery of which the trapping columns (32) are dis- 
posed, wherein the ring (34) is rotatable. 

so 

5. The system of claim 4 f characterized in that the 
first and second connecting capillaries (42, 44) 
have their open ends mounted on a sealed slider 
(46), wherein the ends of the connecting capillaries 
(42, 44) are directed radially outwardly, and open 55 
ends of the first and second capillaries (38, 40) of 
each trapping column (32) are directed radially in- 
wardly for connection with the open ends of the first 



6. The system of one of claims 1 through 5, charac- 
terized in that the column carrier (20) comprises a 
control unit for controlling the position of each trap- 
ping column (32) with respect to the inlet and outlet 
capillaries (22, 24). 

7. The system of one of claims 1 through 6, charac- 
terized in that the column carrier (20) comprises a 
memory (50) for storing data of the current condition 
of each trapping column (32). 

8. The system of one of claims 1 through 7, charac- 
terized in that the column carrier (20) comprises 
trapping columns (32) having different trapping 
properties. 

9. The system of one of claims 1 through 8, charac- 
terized in that the trapping device further compris- 
es at least one first add up flow (52) pump for pump- 
ing the chromatography flow by means of at least a 
first eluent into the selected trapping column (32), 
the add up flow pump (52) being connected to the 
inlet capillary (22). 

10. The system of claim 9, characterized in that the 
add up flow pump (52) is connected to the inlet cap- 
illary (22) via a switchable valve for connecting and 
disconnecting the add up flow pump (52) to the inlet 
capillary (22). 

11. The system of one of claims 1 through 10, charac- 
terized in that the trapping device further compris- 
es at least a first desorbing pump (54) for pumping 
at least a second eluent into a selected trapping col- 
umn (32) for pushing out a peak trapped therein. 

12. The system of claim 11, characterized in that the 
desorbing pump (54) is connected to the outlet cap- 
illary (24). 

13. The system of one of claims 1 through 12, charac- 
terized in that at least one control detector (80) is 
provided which is disposed in a capillary line (70) 
selectively connectable to the inlet capillary (22) or 
the outlet capillary (24). 

14. The system of one of claims 1 through 13, charac- 
terized in that a means for heating and/or cooling 
the trapping columns (32) is provided. 

15. The system of one of claims 1 through 14, charac- 
terized in that if further comprises a gas flow 
source connectable to the trapping columns (32). 

16. The system of one of claims 1 through 15, charac- 
terized in that each of the trapping columns (32) is 
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connectable to and disconnectable from the inlet 
and outlet capillary (22, 24) several times for multi- 
ple trapping of a same species of chromatography 
peak in one and the same trapping column (32). 



Patentanspruche 

1. LC-NMR-System mit einer LC-Vorrichtung (12). ei- 
nem NMR-Detektor (16) und einer Vorrichtung (18) 
zum Einfangen zumindest eines Chromatografie- 
Peaks eines Chromatografie-Flusses, wobei die 
Einfangvorrichtung mit der LC-Vorrichtung (12) und 
dem NMR-Detector (16) verbunden ist, wobei die 
Einfangvorrichtung zumindest eine Einfangsaule 
(32), eine Einlasskapillare (22) zum Zufuhren des 
Chromatografie-Flusses in die Einfangsaule (32) 
und eine Auslasskapillare (24) aufweist, die von der 
Einfangsaule (32) wegfuhrt, wobei eine Mehrzahl 
von Einfangsaulen (32) auf einem Saulentrager 
(20) vorgesehen sind, und wobei die Einfangsaulen 
(32) separat und wahlweise mit der Einlassund 
Auslasskapillare (22, 24) verbindbar sind, wobei 
ferner der Saulentrager 20 eine erste Verbindungs- 
kapillare (42), die mit der Einlasskapillare (22) ver- 
bunden ist, und eine zweite Verbindungskapillare 
(44) aufweist, die mit der Auslasskapillare (24) ver- 
bunden ist, und wobei jede Einfangsaule (32) eine 
erste Kapillare (38), die mitderersten Verbindungs- 
kapillare (42) abgedichtet verbindbar ist, und eine 
zweite Kapillare (40) aufweist, die mit der zweiten 
Verbindungskapillare (44) abgedichtet verbindbar 
ist, und wobei die erste Verbindungskapillare (42) 
von der Einlasskapillare (22) und die zweite Verbin- 
dungskapillare (44) von der Auslasskapillare (24) 
trennbar ist, und wobei der Saulentrager (20) als 
Ganzes mit den darin eingesetzten Saulen von der 
Einfangvorrichtung (18) abnehmbar ist, indem der 
Saulentrager (20) in einem Fach (48) der Einfang- 
vorrichtung (18) angeordnet und aus diesem her- 
aus bewegbar ist. 

2. System nach Anspruch 1, dadurch gekennzeich- 
net, dass jede Einfangsaule (32), die nicht gerade 
mit der Einlasskapillare (22) und der Auslasskapil- 
lare (24) verbunden ist, abgedichtet geschlossen 
ist. 

3. System nach Anspruch 1 Oder 2, dadurch gekenn- 
zeichnet, dass die Saulen (32) in einer Reihe ver- 
teilt sind und der Saulentrager (20) einen Antrieb 
zum Bewegen derausgewahlten Einfangsaule (32) 
in eine Position zur Verbindung mit der Einlasska- 
pillare (22) und der Auslasskapillare (24) aufweist. 

4. System nach Anspruch 3, dadurch gekennzeich- 
net, dass der Saulentrager einen Ring (34) auf- 
weist, auf dessen aulierem Umfang die Einfang- 



saulen (32) angeordnet sind, wobei der Ring (34) 
drehbar ist. 

5. System nach Anspruch 4, dadurch gekennzeich- 
5 net, dass die erste und die zweite Verbindungska- 
pillare (42, 44) mit ihren offenen Enden auf einem 
abgedichteten Gleiter (46) angebracht sind, wobei 
die Enden der Verbindungskapillaren (42, 44) radial 
nach aulien gerichtet sind, und offene Enden der 
10 ersten und der zweiten Kapillare (38, 40) jeder Ein- 
fangsaule (32) zur Verbindung mit den offenen En- 
den der ersten und der zweiten Verbindungskapil- 
lare (42, 44) radial nach innen gerichtet sind. 

15 6. System nach einem der Anspruche 1 bis 5, da- 
durch gekennzeichnet, dass der Saulentrager 
(20) eine Steuereinheit zum Steuern der Position 
jeder Einfangsaule (32) bezuglich der Einlass- und 
Auslasskapillare (22, 24) aufweist. 



20 
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7. System nach einem der Anspruche 1 bis 6, da- 
durch gekennzeichnet, dass der Saulentrager 
(20) einen Speicher (50) zum Abspeichern von Da- 
ten des aktuellen Zustands jeder Einfangsaule (32) 
aufweist. 

8. System nach einem der Anspruche 1 bis 7, da- 
durch gekennzeichnet, dass der Saulentrager 
(20) Einfangsaulen (32) mit unterschiedlichen Ein- 
fangeigenschaften aufweist, 

9. System nach einem der Anspruche 1 bis 8, da- 
durch gekennzeichnet, dass die Einfangvorrich- 
tung ferner zumindest eine erste Zusatzfluss-Pum- 
pe (52) zum Pumpen des Chromatografie-Flusses 
mittels zumindest eines ersten Eluenten in die aus- 
gewahlte Einfangsaule (32) aufweist, wobei die Zu- 
satzfluss-Pumpe (52) mit der Einlasskapillare (22) 
verbunden ist. 

10. System nach Anspruch 9, dadurch gekennzeich- 
net, dass die Zusatzfluss-Pumpe (52) mit der Ein- 
lasskapillare (22) Qber ein schaltbares Ventil zum 
Verbinden und Trennen der Zusatzfluss-Pumpe 
(52) mit bzw. von der Einlasskapillare (22) verbun- 
den ist. 

11. System nach einem der Anspruche 1 bis 10, da- 
durch gekennzeichnet, dass die Einfangvorrich- 
tung ferner zumindest eine erste Desorptionspum- 
pe (54) zum Pumpen zumindest eines zweiten Elu- 
enten in eine ausgewahlte Einfangsaule (32) zum 
Ausschieben eines darin eingefangenen Peaks auf- 
weist. 

12. System nach Anspruch 11, dadurch gekennzeich- 
net, dass die Desorptionspumpe (54) mit der Aus- 
lasskapillare (24) verbunden ist. 
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13. System nach einem der Anspruche 1 bis 12, da- 
durch gekennzeichnet, dass zumindest ein 
Steuerungsdetektor (80) vorgesehen ist, der in ei- 
ner Kapillar-Leitung (70) angeordnet ist, die wahl- 
weise mit der Einlasskapillare (22) Oder der Auslas- 5 
skapillare (24) verbindbar ist. 

14. System nach einem der Anspruche 1 bis 13, da- 
durch gekennzeichnet, dass Mittel zum Heizen 
und/oder Kuhlen der Einfangsaulen (32) vorgese- 10 
hen sind. 
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ins^rees a I'interieur peut etre retir6 du dispositif de 
piegeage (18) du fait que le support de colonnes 
(20) est dispose dans un compartiment (48) du dis- 
positif de ptegeage (18) et est amovible depuis ce- 
lui-ci. 

2. Systeme selon la revendication 1, caract6ris6 en 
ce que chaque colonne de ptegeage (32), qui n'est 
pas connectee au capillaire d'entree (22) et au ca- 
pillaire de sortie (24), est fermee d'une manure 
etanche. 



15. System nach einem der Anspruche 1 bis 14, da- 
durch gekennzeichnet, dass es ferner eine Gas- 
fluss-Quelle aufweist, die mit den Einfangsaulen 
(32) verbindbar ist. 

16. System nach einem der Anspruche 1 bis 15, da- 
durch gekennzeichnet, dass jede der Einfang- 
saulen (32) mit der Einlass- und Auslasskapillare 
(22, 24) mehrmals fur ein vielfaches Einfangen ei- 
ner selben Spezies eines Chromatografie-Peaks in 
ein und derselben Einfangsaule (32) verbindbar 
bzw. von diesen trennbar ist. 



3. Systeme selon la revendication 1 ou 2, caracterise 
en ce que les cotonnes (32) sont reparties en serie 

15 et le support de colonnes (20) comporte un entrai- 
nement pour deplacer la colonne de piegeage s§- 
lectionnee (32) jusqu'a une position pour une con- 
nexion avec le capillaire d'entree (22) et le capillaire 
de sortie (24). 

20 

4. Systeme selon la revendication 3, caracterise en 
ce que le support de colonnes comporte un anneau 
(34), sur une peripherie exterieure duquel les co- 
lonnes de pi6geage (32) sont positionnees, dans le- 

25 quel Panneau (34) est rotatif. 



Revendications 

1. Systeme LC-RMN, comportant un dispositif LC 
(12), un detecteur RMN (16), et un dispositif (18) 
pour pteger au moins un pic de chromatographie 
d'un ecoulement chromatographique, dans lequel 
le dispositif de piegeage est connecte au dispositif 
LC (12) et au detecteur RMN (16), le dispositif de 
piegeage comportant au moins une colonne de pie- 
geage (32), un capillaire d'entree (22) pour entrai- 
ner I'ecoulement chromatographique dans la colon- 
ne de piegeage (32) et un capillaire de sortie (24) 
sortantde la colonne de piegeage (32), dans lequel 
une pluralite de colonnes de piegeage (32) sont 
agencees sur un support de colonnes (20), et dans 
lequel les colonnes de ptegeage (32) peuvent etre 
connectees separement et selectivement aux capil- 
laires d'entree et de sortie (22, 24), dans lequel le 
support de colonnes (20) comporte de plus un pre- 
mier capillaire de connexion (42) connecte au ca- 
pillaire d'entree (22) et un second capillaire de con- 
nexion (44) connecte au capillaire de sortie (24), et 
dans lequel chaque colonne de piegeage (32) com- 
porte un premier capillaire (38) pouvant etre con- 
necte au premier capillaire de connexion (42) et un 
second capillaire (40) pouvant etre connecte au se- 
cond capillaire de connexion (44) d'une maniere 
etanche, et dans lequel le premier capillaire de con- 
nexion (42) peut etre detache du capillaire d'entree 
(22) et le second capillaire de connexion (44) peut 
etre d6tach6 du capillaire de sortie (24), et le sup- 
port de colonnes (20) en totalite avec les colonnes 



5. Systeme selon la revendication 4, caracterise en 
ce que les premier et second capillaires de con- 
nexion (42, 44) ont leurs extremites ouvertes mon- 

30 tees sur un coulisseau etanche (46), dans lequel 
les extremites des capillaires de connexion (42, 44) 
sont dirigees radialement vers I'exterieur, et des ex- 
tremites ouvertes des premier et second capillaires 
(38, 40) de chaque colonne de piegeage (32) sont 

35 dirigees radialement vers Pinterieur pour une con- 
nexion avec les extremites ouvertes des premier et 
second capillaires de connexion (42, 44). 

6. Systeme selon Tune quelconque des revendica- 
40 tions 1 a 5, caracterise en ce que le support de 

colonnes (20) comporte une unite de commande 
pour commander la position de chaque colonne de 
piegeage (32) par rapport aux capillaires d'entree 
et de sortie (22, 24). 

45 

7. Systeme selon Tune quelconque des revendica- 
tions 1 a 6 t caracterise en ce que le support de 
colonnes (20) comporte une memoire (50) pourme- 
moriser des donnees de la condition courante de 

so chaque colonne de piegeage (32). 

8. Systeme selon I'une quelconque des revendica- 
tions 1 a 7, caracterise en ce que le support de 
colonnes (20) comporte des colonnes de piegeage 

55 (32) ayant differentes proprtetes de piegeage. 

9. Systeme selon I'une quelconque des revendica- 
tions 1 a 8, caracterise en ce que le dispositif de 
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piegeage comporte de plus au moins une premiere 
pompe d'Scoulement d'ajout (52) pour pomper 
r^coulement chromatographique par I'interntediai- 
re d'au moins un premier 6luant dans la colonne de 
pjegeage s§lectionn6e (32), la pompe d*6coule- 5 
ment d'ajout (52) 6tant connectee au capillaire d'en- 
tree (22). 

10. Systeme selon la revendication 9, caracterise en 
ce que la pompe d'§coulement d'ajout (52) est con- 10 
nectee au capillaire d'entree (22) via une vanne 
commutable pour connecter etdeconnecter la pom- 
pe d'6coulement d'ajout (52) et le capillaire d'entree 
(22). 

15 

11. Systeme selon Tune quelconque des revendica- 
tions 16 10, caracterise en ce que le dispositif de 
piegeage comporte de plus au moins une premiere 
pompe de desorption (54) pour pomper au moins 
un second eluant dans une colonne de piegeage 20 
selectionnee (32) pour expulser un pic piege £ I'in- 
terieur. 

12. Systeme selon la revendication 11, caracterise en 
ce que la pompe de desorption (54) est connectee 25 
au capillaire de sortie (24). 

13. Systeme selon Tune quelconque des revendica- 
tions 1 a 12, caracterise en ce qu*au moins un de- 
tecteur de commande (80) est pr6vu qui est dispose 30 
dans une ligne capillaire (70) pouvant etre connec- 
tee de manure selective au capillaire d'entree (22) 
ou au capillaire de sortie (24). 

14. Systeme selon Tune quelconque des revendica- 35 
tions 1 a 13, caracterise en ce que des moyens 
pour chauffer et/ou refroidir les colonnes de piegea- 
ge (32) sont prevus. 

15. Systeme selon Tune quelconque des revendica- *o 
tions 16 14, caracterise en ce qu'il comporte de 
plus une source d'ecoulement gazeux pouvant etre 
connectee aux colonnes de ptegeage (32). 

16. Systeme selon Tune quelconque des revendica- 45 
tions 16 15, caracterise en ce que chacune des 
colonnes de piegeage (32) peut etre connectee et 
deconnectee des capillaires d'entree et de sortie 
(22, 24) plusieurs fois pour un piegeage multiple 
d'une meme espece d'un pic chromatographique 50 
dans une seule et meme colonne de piegeage (32). 
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